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(57) Abstract: A turbine includes a rotor (2) rotatable within a rotor chamber 
including a plurality of blades (5) about its periphery. Drag surfaces are created 
by the plurality of disc surfaces in the rotor (2), five discs being shown, and these 
receive a working fluid which is caused to flow spirally towards a central aperture 
(7) in the rotor (2). The working fluid may be provided at hypersonic or lower 
speeds and may be provided by a fuel burning means. A thermoelectric generator 
utilising the turbine is also disclosed. 
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Turbine r Power Generation System Therefor and 
Method of Power Generation 

Technical Field 

This invention relates to a method and apparatus for power generation using a 
5 turbine to convert enthalpy of a working fluid to kinetic power. More particularly, but 
not exclusively, the present invention relates to a turbine structure and a method and 
apparatus for use in conjunction with a refrigeration cycle and preferably to power 
generation from an air conditioning cycle, 

10 The term "fluid" or "working fluid" is used throughout the specification including 

the claims to relate to any suitable fluid but preferably, unless the context indicates 
otherwise, to a gaseous or vaporised fluid. 

Background Art 

Referring to Figure 1 , in a conventional refrigeration cycle hot, high pressure 
15 refrigerant liquid enters a throttling device, often referred to as a Tx valve, which 

reduces its pressure and temperature at constant enthalpy. The drop in pressure causes 
the liquid to expand, flash to vapour and acquire heat. The heat absorbing vapour is 
passed through a heat exchanger or " evaporator " which absorbs heat from ambient 
temperature air blown across its surfaces by a fan, cooling the air and thereby providing 
20 the refrigeration effect. The ambient air passes through a fine fin structure surrounding 
the inner tubing of the heat exchanger. The temperature and enthalpy of the working 
fluid vapour is thus progressively increased as heat is added. 

The heat laden working fluid vapour is then passed into an accumulator which 
has an internal structure designed to allow any remaining liquid to boil off prior to 
25 entering the compressor. 

The energy rich warm working fluid vapour enters a compressor, which as a 
result of a work input, compresses the vapour thus raising its temperature and pressure. 
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A significant portion of the work input into the compressor re-appears as the heat of 
compression thus superheating the working fluid "vapour. 

The superheated working fluid vapour thus has its temperature elevated above 
that of the ambient temperature of the environment and enters a condenser, which has 
5 a structure similar to that of the evaporator. A heat exchange then occurs between the 
superheated working fluid vapour and the environment which is at a lower temperature. 
The heat exchange continues until sufficient heat is removed from the working fluid to 
cause a change of state from hot vapour to hot liquid. 

The hot working fluid liquid enters a reservoir, usually referred to as a "receiver" 
10 which has a sufficiently large volume to support the requirements of the thermodynamic 
cycle and withstand the high pressure in the discharge line of the compressor. The hot 
high pressure refrigerant liquid then enters the Tx valve to complete the thermodynamic 
cycle. 

A challenge in any typical generator that converts thermal energy to kinetic 
15 power is to maximise the efficiency of energy transformation. With energy becoming 
increasingly valuable, methods of energy conservation and reuse are being given 
increased attention. For example the numerous cogeneration processing plants evidence 
this energy awareness. 

However the present invention in contrast provides the conversion of enthalpy to 
20 kinetic power, not heat. 

It is thus an object of the present invention to provide a turbine, power 
generation system therefor and method of power generation that provides increased 
utilisation of available thermal energy, or at least one that provides the public with a 
useful alternative. 

25 Further objects of the present invention may become apparent from the following 

description. 
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Preferably, one end of said at least one central aperture is closed and said fluid 
receiving means receives fluid from the open end of said at least one aperture. 

Preferably, said fluid receiving means is a fluid channel feeding towards the 
periphery of a second rotor mounted coaxially with said first rotor within said rotor 
chamber. 

Preferably, said fluid channel includes a fluid stop extending across said fluid 
receiving means, thereby forcing fluid to move radially outward from said central axis of 
rotation. 

Preferably, said second rotor includes at least two drag plates about at least one 
centrally located aperture feeding into a further fluid receiving means. 

Preferably, said second rotor includes a plurality of blades located about its 
periphery to receive fluid from said fluid channel. 

Preferably, said further receiving means operates at a third pressure lower than 
said second pressure. 

According to another aspect of the present invention, there is provided a turbine 
system including a turbine as defined in any one of the fifteen immediately preceding 
paragraphs, wherein the rotor chamber contains a plurality of said rotors mounted 
coaxially, wherein each rotor is separated from its adjacent rotor or rotors by a fluid 
stop extending across the at least one aperture, said fluid stop defining part of a fluid 
channel, which in use directs fluid from the at least one aperture of one rotor to a 
peripheral portion of an adjacent rotor. 

According to a further aspect of the present invention, there is provided an electric 
generator including a rotor chamber, a rotor rotatable about a central axis within said 
rotor chamber and including a plurality of blades located about its periphery, at least one 
aperture located centrally of said rotor and extending through said rotor generally along 
or parallel to said central axis and at least two drag surfaces between said at least one 
aperture and said blades, said drag surfaces located relative to each other to in use 
create a drag force on fluid, (as herein defined), flowing between them, the electric 
generator further including at least one nozzle for communicating fluid at a first pressure 
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onto said blades, fluid receiving means operable at a second pressure lower than the 
first, the fluid receiving means adapted to receive fluid from said at least one aperture, 
and conversion means for converting kinetic energy embodied in rotation of said rotor to 
electric potential, wherein said rotor is adapted to in use receive fluid from said nozzle 
5 and direct the fluid to between said drag surfaces so that the fluid spirals inwardly 
towards said at least one aperture. 

Preferably, said at least one nozzle is adapted to communicate fluid through its 
exit at the local sonic velocity. 

Preferably, the exit of said nozzle is located within approximately 0.5mm from the 
10 leading edge of said blades. 

Preferably in one embodiment a plurality of nozzles may be provided at different 
heights. 

Preferably, one end of said at least one central aperture is closed and said fluid 
receiving means receives fluid from the open end of said at least one aperture. 

15 Preferably, said fluid receiving means is a fluid channel feeding towards the 

periphery of a second turbine. 

Preferably, said fluid channel includes a fluid stop extending across said fluid 
receiving means, thereby forcing fluid to move radially outward from said central axis of 
rotation. 

20 Preferably, said second turbine includes at least two drag plates about at least one 

centrally located aperture feeding into a further fluid receiving means. 

; 

Preferably, said second turbine includes a plurality of blades located about its 
periphery to receive fluid from said fluid channel. 

Preferably, said further receiving means operates at a third pressure lower than 
25 said second pressure. 

According to a further aspect of the present invention, there is provided an electric 
generator including a turbine as defined in any one- of the eleven immediately preceding 
paragraphs including a plurality of rotors mounted coaxially within said rotor chamber 
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and conversion means to convert rotation of said plurality of rotors to electric potential, 
wherein each turbine is separated from its adjacent turbine or turbines by a fluid stop 
extending across the at least one aperture, said fluid stop defining part of a fluid channel 
which in use directs fluid from the at least one aperture of one turbine to a peripheral 
portion of an adjacent turbine. 

According to a further aspect of the present invention, there is provided a 
thermodynamic cycle for producing electric potential including the electric generator as 
defined in any one of the twelve immediately preceding paragraphs, a fluid cycle for 
supplying fluid to the at least one nozzle of said electric generator and for receiving fluid 
from a fluid output of said electric generator and including means to increase the 
enthalpy of said fluid from said output of said electric generator for supply to said at 
least one nozzle. 

Preferably, a compressor is included in said fluid cycle, wherein said electric 
generator is located in the cycle with the fluid output feeding the input of the 
compressor. 

Preferably, said compressor is at least partially powered by photovoltaic cells, 
wherein said photovoltaic cells are cooled by fluid at within the fluid cycle. 

Preferably, the cycle further includes a thermoelectric generator fed by parts of the 
cycle having a temperature differential. 

Preferably, cycle further includes a throttling device upstream of said electric 
generator. 

Preferably, said compressor is at least partially powered by fuel cell and heat from 
said fuel cell is used to heat fluid in the fluid cycle. 

Preferably, the cycle further includes a control system to control operation of said 
at least one nozzle between subsonic and sonic, or hypersonic, operation at the nozzle's 
exit. 

According to a still further aspect of the present invention, there is provided a 
method of generating electric potential including 
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- providing a rotor within a rotor chamber, the rotor rotatable about a central axis 
within said rotor chamber and including a plurality of blades located about its 
periphery, at least one aperture located centrally of said rotor and extending 
through said rotor generally along or parallel to said central axis and at least two 
drag surfaces between said at least one aperture and said blades, said drag 
surfaces located relative to each other to in use create a drag force on fluid, (as 
herein defined), flowing between them; 

- communicating a fluid at a first pressure onto said blades and direct the fluid 
between said drag surfaces so that the fluid spirals inwardly towards said at least 
one aperture; 

- receiving fluid at a second pressure lower than the first from said at least one 
aperture; and 

- converting kinetic energy embodied in rotation of said rotor to electric potential. 

Preferably, the method further includes communicating said fluid onto said blades 
through a nozzle, wherein the fluid through the nozzle's exit is travelling at the local 
sonic or hypersonic velocity. 

According to another aspect of the present invention, there is provided an 
electric generator including: 

- a rotor chamber; 

- a rotor rotatable about a central axis within said rotor chamber and including a 
plurality of blades located about its periphery and at least one aperture located 
centrally of said rotor and extending through said rotor generally along or parallel 
to said central axis; 

- at least one nozzle for communicating fluid from said fluid supply means at a 
first pressure onto said blades, the nozzle adapted to provide fluid from its exit 
at or above the local sonic velocity; 

- fluid receiving means operable at a second pressure lower than the first, the 
fluid receiving means adapted to receive fluid from said at least one aperture; 
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- conversion means for converting kinetic energy embodied in rotation of said 
rotor to electric potential; 

wherein said rotor is adapted to in use receive fluid from said nozzle, thereby 
causing rotational force to be applied to the rotor about said central axis. 

5 Preferably, the nozzle exit is located within approximately 0.5 mm from a leading 

edge of said blades. 

Preferably, further includes at least two drag surfaces between said at least one 
aperture and said blades, said drag surfaces located relative to each other to in use 
create a drag force on fluid (as herein defined), flowing between them. 

10 According to another aspect of the present invention, there is provided a 

thermoelectric generator including first fluid communication channel including a first 
substantially spherical enlargement and a second fluid communication channel including 
a second substantially spherical enlargement of larger diameter than the first, wherein 
said first and second substantially spherical enlargements are substantially coaxial and 

15 wherein the generator includes thermocouple means provided about the periphery of the 
first spherical enlargement, which in use provides electric potential output when a 
temperature differential exists between fluid in said firs and second fluid communication 
channels. 

Preferably, the thermocouple means is silicon junction applied using thin film • 
20 techniques. 

Preferably, the thermoelectric generator may be part of the thermodynamic cycle 
described in the preceding paragraphs. 

According to another aspect of the present invention, there is provided a turbine 
substantially as herein described with reference to Figures 5 to 7 and 10. 

25 According to another aspect of the present invention, there is provided an electric 

generator substantially as herein described with reference to any of Figures 2 to 12. 
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According to another aspect of the present invention, there is provided a 
thermodynamic cycle for producing electric potential substantially as herein described 
with reference to Figures 2 to 12. 

Further aspects of the present invention, which should be considered in all its 
5 novel aspects, may become apparent from the following description, given by way of 
example only and with reference to the accompanying drawings. 



Brief Description of Drawings 

Figure 1 : Shows a schematic representation of a prior art refrigeration cycle. 

Figure 2 : Shows a schematic representation of the refrigeration cycle of 
10 Figure 1 further including a turbine to extract mechanical work. 

Figure 3 : Shows a schematic representation of a first alternative refrigeration 
cycle including a thermoelectric generator. 

Figure 4 : Shows a schematic representation of a second alternative 
refrigeration cycle including photovoltaic energy generation. 

15 Figure 5: Shows an exploded view of a single stage turbine according to one 

embodiment of the present invention. 

Figure 6: Shows a side view of the assembled single stage turbine of Figure 
5 and the housing therefor. 

Figure 7: Shows a top view of the assembled single stage turbine housing of 
20 Figure 5 showing the nozzle. 

Figure 8: . Shows a schematic representation of an electronically controlled 
nozzle for supplying fluid to a turbine according to the present 
invention. 



25 



Figure 9 : 



Shows a portion of a cooled photovoltaic array for supplying 
energy to a compressor of a thermodynamic cycle. 
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Figure 10 : Shows a schematic representation of a three-stage turbine 
according to one embodiment of the present invention. 

Figure 1 1 : Shows very diagrammatically a thermoelectric generator according 
to a possible embodiment of the present invention. 

5 Figure 12; Shows very diagrammatically a cross sectional view of a possible 

arrangement of thermoelectric devices in a thermoelectric 
generator of one possible embodiment of the invention. 

Modes for Carrying Out the Invention 

The present invention may have application in an air conditioning cycle which 
10 may be to increase the efficiency of a refrigeration cycle by recovering a portion of the 
energy used to compress the fluid together with the heat acquired by the evaporator. 
Alternatively energy may be added to a fluid in order to generate additional power. 

The generation of power from a basic vapour compression air conditioning cycle 
relies upon a translation of working fluid enthalpy to kinetic power. This may preferably 
15 take place between the evaporator output and the compressor input where heat 
acquisition is complete, enthalpy is almost at its maximum and temperature and 
pressure are at a minimum. A schematic representation of such a thermodynamic cycle 
including, in order of fluid flow, a turbine, accumulator, compressor, condenser, 
receiver, a throttling device or Tx valve and evaporator, is shown in Figure 2. 

A separate accumulator may not be required as some compressors have a built in 
accumulator and pass any liquid present in the working fluid over the hot motor 
windings to cool the windings and flash the liquid to vapour. The low pressure at the 
output of the turbine or accumulator if provided may cause the compressor to draw a 
minimum of current when loaded with the power generation device and the lower 
temperature may ensure that heat losses to the environment can be kept to a minimum 
by suitable lagging of the suction line to the compressor. 

Superheating of the warm vapour from the evaporator output prior to entering 
the turbine may cause the density of the refrigerant vapour to decrease and more heat 
energy to be introduced, thus increasing the power input to the generator. This may 



20 



25 
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also facilitate the use of a larger flow rate through the turbine, which in turn results in a 
higher efficiency of the thermodynamic cycle. 

The superheating may be achieved by f for example, burning a fossil fuel to 
introduce heat into the cycle after the evaporator, or by passing the smaller discharge 
5 line from the compressor output through the walls of the larger compressor suction line 
prior to entering the power generator. A heat exchange may thus occur between the 
hotter working fluid vapour from the compressor output and the cooler vapour from the 
evaporator output passing through the suction line. The compressor discharge line may 
then be taken back out through the wall of the suction line prior to entering the power 

10 generator and passed into the condenser input for the removal of any residual heat to 
the environment. This method of superheating vapour is known in the art of air 
conditioning/refrigeration and thus will not be discussed further herein. An optimised 
system may optionally introduce both types of superheating for increased performance. 
A further alternative is to power the compressor by a fuel cell and use heat extracted 

15 from the fuel cell for superheating of the fluid in the thermodynamic cycle. 

Superheating may v also be achieved by heating the air input to the evaporator fan using 
a suitable heating means, which could be fossil fuel or any alternative. 

Referring to Figure 3, in an alternative embodiment, the hot working fluid may 
pass through a thermoelectric generator before entering the condenser. The 

20 thermoelectric generator incorporates a counter-current flow of cold working fluid from 
the Tx valve, creating a thermal potential from which further energy may be extracted 
through the use of suitable thermocouples. The thermoelectric generator may extract 
further power in the cycle where the properties of the vapour are not suitable for a 
turbine. If a thermoelectric generator is provided with sufficient heat transfer 

25 properties, the need for a condenser in the cycle may be avoided. 

The thermoelectric generator may include two concentric tubes with a large 
number of interconnected semiconductor thermocouples deposited on the outer wall of 
the smaller tube. Hot working fluid from the compressor may pass in one direction 
through a smaller inner tube and cold working fluid taken from the low pressure suction 
30 line of the compressor immediately after the Tx valve may be passed in the opposite 
direction. The fluid passing in opposite directions ensures maximum heat transfer 
between the cold outer tube and the hot inner tube. 



WO 02/04788 



PCT/AU01/00813 



12 

The general operation of Tx valves is well known in relation to air 
conditioning/refrigeration cycles and therefore is not covered further herein. However, 
in relation to cycles including a turbine, the inclusion of a Tx valve in the cycle has been 
shown experimentally to allow improved performance of power generation from the 
turbine. In addition, the Tx valve helps ensure that the fluid is in gaseous form as it 
passes through the turbine. The operation of the Tx valve may be varied to maintain 
required conditions in the thermodynamic cycle. In particular, the Tx valve may be 
bypassed as required to control the heat content of the working fluid. 

In a further alternative form, the thermodynamic cycle may include two 
compressors in series. Between the compressors a second turbine is provided of the 
same or similar configuration to that on the input side of the first compressor. This 
allows two power extraction points in the cycle operating at different temperatures. 

In order to reduce the environmental effect of the operation of the compressor, 
solar generated energy may be used to supply at least part of the power requirement of 
the compressor. The efficiency and lifetime of the solar cells is increased if they are 
kept at a low temperature. Therefore, the solar cells may be cooled by refrigerant in the 
refrigeration cycle. In Figure 4, the photovoltaic cells have refrigerant from the Tx valve 
flowing beneath them. This cools the solar cells and assists in the addition of heat 
energy to the refrigerant. 

Figure 9 shows a schematic representation of an example of a construction of a 
photovoltaic array including photovoltaic cells 17 cooled by a refrigerant. Incident light 
L, and the current flow through the cells 17, act to heat the photovoltaic cells 17, 
which reduces their efficiency. Refrigerant is circulated below the photovoltaic cells 1 7 
in thermally conductive tubing 20 and 21, which may be copper. A substrate on which 
the photovoltaic cells 17 are mounted separates the tubing 20, 21 from the cells 17. 

Referring to Figure 5 f an exploded view of a turbine for use in any of the cycles 
referred to above is generally referenced 1 . However, those skilled in the art will 
recognise that the turbine described herein in combination with a suitable nozzle may 
have application to extraction of energy from any suitable fluid flow where a pressure 
differential exists. It is anticipated that the turbine 1 will be placed in a thermodynamic 
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cycle and that it will receive a gaseous fluid jet. However, alternative applications may 
be possible. 

The turbine 1 includes at least two opposing substantially radially orientated 
discs 2, in Figure 5 five discs, although any number may be provided as required. A 
blade ring including a plurality of blades 5 located about its periphery is provided. The 
blades 5 are located to in use extend around the discs 2. A turbine casing having two 
parts 6A and 6b enclose the longitudinal axes of the turbine 1 . The discs 2 and blades 5 
may be fixedly engaged to a shaft 3 so that rotation of the discs 2 causes synchronous 
rotation of the shaft 3. However, gearing may be provided and the discs 2, blades 5 
and or shaft 3 may rotate asynchronously if required. 

The blades 5 may be angled at any required angle, possibly of the order of 30° 
or 45° to the tangent of the discs 2. The blades 5 preferably have an aerofoil shape 
wherein the receiving surface is curved to cause smooth angular acceleration of a fluid 
jet. This may reduce the turbulence added to the fluid jet. The inner peripheral edge of 
the blades may be separated from the outer peripheral edge of the discs 2 by a 
predetermined extent, which may be determined experimentally or otherwise. In an 
alternative embodiment it is envisaged that the blades 5 may be omitted by removing 
the blade ring. In this embodiment the nozzle, (see Figure 7), would protrude between 
the adjacent plates. Alternatively the blades 5 may be slightly inset from the rotor edge 
allowing the nozzle to protrude between the adjacent plates and be very close to the 
blades at the same time. 

Central of the discs 2 is an aperture 7, from which fluid is extracted from the 
rotor 1. Complementary apertures are provided in the blade ring and turbine casing 6A, 
shown as 7B, which align with aperture 7 when the turbine 1 is assembled. The discs 
2 may preferably be bolted to the rotor casing 6B around its periphery by bolts and ' 
spaced apart by spacers (not shown). This leaves the aperture 7 free of obstruction, 
reducing potential turbulence in the spiral flow of fluid out of the aperture 7. This may 
be important for any subsequent turbine stages that may be added as described later 
herein. 

It will be appreciated by those skilled in the relevant arts that many variables of 
the turbine 1 may be varied. For example, the shape, number, angle and location of the 
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blades 5 may be varied as required. The number, separation and surface area of the 
discs 2 may be varied and the dimensions, location and number of the apertures 7 may 
be varied. Other dimensions, relative locations and number of components may be 
varied as required to obtain a specified performance. 

5 Referring to Figure 6, a side view of a turbine 1 is shown together with a nozzle 

casing 8. The turbine 1 fits inside the nozzle casing 8, as shown by dotted lines and 
thus also acts as a turbine chamber. A nozzle aperture 9 is provided to receive a nozzle 
10 (see Figure 7). The nozzle 10 provides the feed of fluid to the turbine 1 . The nozzle 
is oriented at an angle <|) to the tangent of the discs 2, where <|> is any suitable angle, 
10 approximately 12° in one embodiment. The nozzle exit is preferably located within 

approximately 0.5 mm from the leading edge of the blades 5. The blades 5 receive the 
jet of fluid from the nozzle 10 and direct it onto the discs 2. This angular acceleration 
of the fluid provides a turning moment on the turbine 1 . The shape and orientation of 
the blades is such to direct the fluid into the periphery of the discs 2. 

Although the turbine in the accompanying representations has a single nozzle 10, 
more than one nozzle may be provided as required. The relative positioning and 
orientation of any subsequent nozzles may be varied to optimise performance. 
However, it has been found experimentally that the combination of sonic operation of 
the nozzle 10 and nozzle exit to blade separation of within approximately 0.5 mm result 
in improved performance over subsonic operation and significantly greater separation 
distances. The discs 2 may optionally be omitted, however reduced performance may 
result. 

In use, the pressure at the central aperture 7 is less than that at the nozzle 10. 
Therefore, the fluid moves from the nozzle to the aperture 7. As the fluid is directed 
25 towards the periphery of the discs 2, the momentum of the fluid causes it to spiral 

around the discs 2 towards the aperture 7. The high speed vapour travelling over the 
surfaces of the discs 2 may create a turning moment on the discs 2 due to viscosity 
between the jet and the disc surfaces. This turning moment is in the same direction 
that results from angular acceleration of the jet of fluid by the blades 5. The fluid may 
30 spiral into the centre of the rotors, and is extracted through the central aperture 7. 
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In a preferred form of the invention, the nozzle 10 is of converging cross section 
and dimensioned such that the difference in pressure between the fluid upstream of the 
nozzle 1 0 and the fluid at an outlet is sufficient to cause constriction of the flow at the 
throat of the nozzle 10 in order to cause the vapour to travel at the local speed of 
sound. The speed may increase as the vapour expands past the nozzle. 

Preferably the pressure differential across the turbine 1 may also be sufficient to 
accelerate the vapour to supersonic speeds as the cross-sectional area of the jet 
increases downstream of the nozzle 1 0. In the example shown the discs 2 are 
substantially parallel, the jet of fluid travelling between the discs 2 diverging in the plane 
of the discs 2 and thereby accelerating to supersonic speeds. In order to ensure a sonic 
flow rate of the jet of fluid at the nozzle, the cross-sectional area of the jet when 
passing through the discs 2 should not be smaller than the area of the nozzle. 
However, in order to cause drag on the plates 2 by the fluid jet, the plates 2 should 
have a narrow gap between them. The relatively large surface area of the plates 2 
assists in balancing these requirements and a required separation of the plates 2 to 
obtain a specific performance may be determined theoretically and or through 
experiment. 

Thus, the turbine 1 effectively has two generators of a turning moment, the first 
resulting from angular acceleration of the jet of fluid by the blades 5 and the second 
resulting from viscosity between the relatively moving jet and the discs 2. 

The nozzle 1 0 may be of fixed geometry, or more preferably may be of 
adjustable geometry enabling control over the operation of the turbine 1 . The cross- 
sectional area of the nozzle entrance may be varied electronically. This may be 
achieved more easily than an alternative of varying the cross-section of the nozzle exit 
1 6. The area may be electronically controlled through the provision of a solenoid 
actuator or any other suitable control means. If a solenoid actuator is used, the nozzle 
entrance may be progressively "pinched" and released by actuation of the solenoid. 
Referring to Figure 8, enthalpy rich fluid enters the nozzle 10 through an inlet tube 11. 
Solenoids 1 2, which are magnetically coupled to plungers 1 3 are controlled 
electronically through terminals 14. The area of the nozzle entrance 15 may thus be 
reduced to create a smaller cross-sectional area. The solenoid or other control means 
may have as an input the rotational velocity of the turbine 1 and or the power output of 
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the turbine system, thus creating a feedback control system. The control system may 
enable modulation between sonic and sub-sonic flow of the fluid within the nozzle exit 
as required. 

In order to extract more energy from the working fluid, multiple turbines 1 may 
be cascaded. Figure 10 shows a schematic representation of a cross-section of three 
vertically cascaded turbines 1A, 1B and 1C although two or more than three stages may 
alternatively be provided. Fluid enters the cascaded turbines 1 A-C from the nozzle 10 
as a jet J and is expelled through aperture E3: The fluid jet J impacts the blades 5A and 
is directed onto plates 2A, to be extracted through aperture E1. As the fluid jet J exits 
E1, its flow forced radially outward due to the impediment presented by a first fluid stop 
22. The outward flow may be assisted by centrifugal force of the spiralling fluid flow. 
The fluid jet J must then move to the edge of the fluid stop 22 through a fluid channel 
created by the fluid stop 22 and lower surface of the turbine 1 A and is received by 
blades 5B of turbine 1B. The flow then enters plates 2B, proceeds through aperture E2 
around a second fluid stop 23 onto the turbine 1C. The fluid stop 22 and or fluid stop 
23 may alternatively have a conical or frustoconical shape converging upwardly in 
Figure 10. By having multiple stages, an increased amount of energy may be extracted 
from the fluid flow. 

The edges of turbines 1 B and 1 C may be sealed to prevent flow around the side 
of the turbine. Alternatively, a sufficiently high flow resistance path may be provided, 
for example by providing a narrow gap to the edge of the turbines to the inside surface 
of the nozzle casing 8. 

In an alternative form, the central aperture or apertures through the drag plates 
may have a spiralling centre line complementary with the expected path of the fluid jet. 
However, for simplicity and to avoid intrdducing significant turbulence to the flow, a 
single central aperture extending along and parallel to axis of rotation is preferred. 

Although in Figure 10 each turbine stage 1A, 1B, 1C is shown having 
substantially the same configuration and dimensions, variations between- stages may be 
possible. For example, the second and third stages may include only drag plates 2B and 
not blades 5B or vice versa. The radius of subsequent stages may be different, for 
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example, turbine 1B may have a smaller radius than turbine 1A. Also, the number, 
orientation and positioning of the drag plates and blades may vary from stage to stage. 

It will be appreciated by those skilled in the art that a larger pressure differential 
between the inlet to turbine 1 A and aperture E3 may be required to maintain a required 
flow through the cascaded turbines than for a single stage turbine. Furthermore, it will 
be appreciated that sufficient sealing about the periphery of the turbine stages is 
required to force the fluid flow through each turbine stage. Each stage may have a 
slightly different configuration, which may be optimised for the expected fluid flow at 
each stage. For example, the separation and number of plates 2 may be varied and or 
the angle of the blades 5 varied. Further variations may become apparent to those 
skilled in the art. 

In order to enable the turbine, to start rotating and to avoid stalling the turbine 
once a load is applied, a soft-start mechanism may be provided. Soft-starting may be 
required for particular turbine designs. A preferred soft start mechanism operates by 
ramping the electric field between the rotor and stator of an electric generator. This 
may be achieved by passing a direct current through the windings from an external 
source to reduce the electric/magnetic coupling during start-up. The direct current may 
be applied again if the rotor speed reduces below a predetermined level. The soft start 
may mechanism may be used in conjunction with an electronically modulated nozzle, 
controlled by a suitable control system. 

Thus, the present invention provides a means of extracting energy from a fluid 
flow, which preferably forms part of a thermodynamic cycle. A compressor in the fluid 
flow may have a supply from an energy source requiring a controlled operating 
temperature for optimum operation, such as photovoltaic cells. Control of the output of 
the system may be achieved by. a controlled aperture nozzle. 

Referring now to Figure 1 1 a thermoelectric generator according to a. further 
possible embodiment of the invention is referenced generally by arrow 100. This 
utilises two concentric spheres 101, 102. This has advantages over the tubular design 
including: 

- maximising surface area in a minimum space enabling a larger number of 
semiconductor thermocouples to be packed into a given space; 
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- facilitating the deposition of semiconductor material in an evaporation chamber; 

- and enabling a larger volume of working fluid being brought into intimate contact with 
the thermocouples in both the hot and cold sides and thereby providing greater heat 
transfer. 

In Figure 1 1 cold liquid/vapour will arrive from the Tx valve in the direction of 
arrow A into the cold outer sphere 101 where it will be heated by contact with the hot 
inner sphere 102, through which the hot working fluid is passing in the direction of 
arrow X, the cooled working fluid exiting in the direction of arrow Y. The now warmed 
vapour will exit to the evaporator in the direction of arrow B. 

It is mentioned that a further form of superheating may be achieved by using an 
evaporator with a circular tubing arrangement and a warm air heater. The circular 
tubing arrangement has a major advantage over a conventional evaporator because a 
circular shape is less likely to adversely interfere with a hypersonic gas flow than one 
which zig zags with right angled bends. 

It is also mentioned that for semiconductor deposition on the inner sphere 102 in 
Figure 1 1 the shadow masks may be simply attached by positive and negative terminal 
studs supported by insulated nuts on the outer sphere 101 and extending through to 
insulated captive screw attachments on the surface of the inner sphere 102. 

Referring now to Figure 1 2, in a concentric spherical thermoelectric generator 
referenced 1 10 the outer surface of the inner sphere 1 1 1 is coated in such a way as to 
deposit a large number of thermoelectric devices (thermocouples) 1 1 2 which are inter- 
connected serially or in series/parallel as required. The electrical connections are 
suitably brought out to gas sealed terminals mounted on the outer surface of the outer 
sphere 113. The n-p junctions may be applied using thin film techniques to minimise 
the insulation about the inner sphere 111. 

Where in the foregoing description reference has been made to specific 
components or integers of the invention having known equivalents then such 
equivalents are herein incorporated as if individually set forth. 
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Although this invention has been described by way of example and with 
reference to possible embodiments thereof, it is to be understood that modifications or 
improvements may be made thereto without departing from the scope of the appended 
claims. 
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Claims 

1 . A turbine including: 

- a rotor chamber; 

- a rotor rotatable about a central axis within said rotor chamber and including a 
plurality of blades located about its periphery, at least one aperture located 
centrally of said rotor and extending through said rotor generally along or parallel 
to said central axis and at least two drag surfaces between said at least one 
aperture and said blades, said drag surfaces located relative to each other to in 
use create a drag force on fluid (as herein defined), flowing between them; 

- at least one nozzle for communicating fluid at a first pressure onto said blades; 
and 

- fluid receiving means operable at a second pressure lower than the first, the fluid 
receiving means adapted to receive fluid from said at least one aperture; 

wherein said rotor is adapted to in use receive fluid from said nozzle and direct the 
fluid to between said drag surfaces so that the fluid spirals inwardly towards said 
at least one aperture, thereby causing rotational force to be applied to the rotor 
about said central axis. 

2. The turbine of claim 1, wherein said at least one nozzle is adapted to communicate 
fluid through its exit at the local sonic or hypersonic velocity. 

3. The turbine of claim 3, wherein the exit of said nozzle is located within 
approximately 0.5mm from the leading edge of said blades. 

4. The turbine of any one of the preceding claims, wherein said drag surfaces are 
substantially planar and substantially parallel to each other. 

5. The turbine of any one of the preceding claims, wherein said blades are separated 
from an outer periphery of said drag surfaces by a predetermined extent. 

6. The turbine of any one of the preceding claims, wherein a plurality of nozzles are 
provided at different heights relative to said blades. 
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7. The turbine of any one of the preceding claims, wherein said blades are shaped to 
direct fluid received from said nozzle onto a peripheral portion of said drag plates 
at an angle substantially tangential to the rim of said at least one aperture. 

8. The turbine of any one of the preceding claims, wherein one end of said at least 

i 

one central aperture is closed and said fluid receiving means receives fluid from 
the open end of said at least one aperture. 

9. The turbine of any one of the preceding claims, wherein said fluid receiving means 
is a fluid channel feeding towards the periphery of a second rotor mounted 
coaxially with said first rotor within said rotor chamber. 

10. The turbine of claim 9, wherein said fluid channel includes a fluid stop extending 
. across said fluid receiving means, thereby forcing fluid to move radially outward 

from said central axis of rotation. 

1 1 . The turbine of either claim 9 or claim 10, wherein said second rotor includes at 
least two drag plates about at least one centrally located aperture feeding into a 
further fluid receiving means. 

12. The turbine of any one of claims 9 to 11, wherein said second rotor includes a 
plurality of blades located about its periphery to receive fluid from said fluid 
channel. 

13. The turbine of claim 1 1 or claim 12 when dependent on claim 11, wherein said 
further receiving means operates at a third pressure lower than said second 
pressure. 

14. A turbine system including a turbine as claimed in any one of claims 1 to 8, 
wherein the rotor chamber contains a plurality of said rotors mounted coaxially, 
wherein each rotor is separated from its adjacent rotor or rotors by a fluid stop 
extending across the at least one aperture, said fluid stop defining part of a fluid 
channel, which in use directs fluid from the at least one aperture of one rotor to a 
peripheral portion of an adjacent rotor. 

15. An electric generator including: 
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- a rotor chamber; 

- a rotor rotatable about a central axis within said rotor chamber and including a 
plurality of blades located about its periphery, at least one aperture located 
centrally of said rotor and extending through said rotor generally along or parallel 
to said central axis and at least two drag surfaces between said at least one 
aperture and said blades, said drag surfaces located relative to each other to in 
use create a drag force on fluid flowing between them; 

- at least one nozzle for communicating fluid at a first pressure onto said blades; 

- fluid receiving means operable at a second pressure lower than the first, the 
fluid receiving means adapted to receive fluid from said at least one aperture; 
and 

conversion means for converting kinetic energy embodied in rotation of said 
rotor to electric potential; 

wherein said rotor is adapted to in use receive fluid from said nozzle and direct the 
fluid to between said drag surfaces so that the fluid spirals inwardly towards said 
at least one aperture. 

1 6. The electric generator of claim 1 5, wherein said at least one nozzle is adapted to 
communicate fluid through its exit at the local sonic or hypersonic velocity. 

1 7. The electric generator of either claim 1 5 or claim 1 6, wherein the exit of said 
nozzle is located approximately within 0.5 mm from the leading edge of said 
blades. 

1 8. The electric generator of any one of claims 1 5 to 1 7, wherein one end of said at 
least one central aperture is closed and said fluid receiving means receives fluid 
from the open end of said at least one aperture. 

1 9. The electric generator of any one of claims 1 5 to 1 8, wherein said fluid receiving 
means is a fluid channel to direct fluid towards the periphery of a second turbine. 
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20. The electric generator of claim 1 9, wherein said fluid channel includes a fluid stop 
extending across said fluid receiving means, thereby forcing fluid to move radially 
outward from said central axis of rotation. 

21. The electric generator of either claim 19 or claim 20, wherein said second turbine 
includes at least two drag plates about at least one centrally located aperture 
feeding into a further fluid receiving means. 

22. The electric generator of any one of claims 19 to 21, wherein said second turbine 
includes a plurality of blades located about its periphery to. receive fluid from said 
fluid channel. 

23. The electric generator of claim 21 or claim 22 when dependent on claim 21, 
wherein said further receiving means operates at a third pressure lower than said 
second pressure. 

24. An electric generator including a turbine as claimed in any one of claims 1 to 8 
including a plurality of rotors mounted coaxially within said rotor chamber and 
conversion means to convert rotation of said plurality of rotors to electric 
potential, wherein each turbine is separated from its adjacent turbine or turbines 
by a fluid stop extending across the at least one aperture, said fluid stop defining 
part of a fluid channel which in use directs fluid from the at least one aperture of 
one turbine to a peripheral portion of an adjacent turbine. 

25. A thermodynamic cycle for producing electric potential including: 

- the electric generator of any one of claims 1 5 to 24; 

- a fluid cycle for supplying fluid to the at least one nozzle of said electric 
generator and for receiving fluid from a fluid output of said electric generator and 
including means to increase the enthalpy of said fluid from said output of said 
electric generator for supply to said at least one nozzle. 

26. The thermodynamic cycle of claim 25 including a compressor in said fluid cycle, 
wherein said electric generator is located in the cycle with the fluid output feeding 
the input of the compressor. 
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27. The thermodynamic cycle of claim 26, wherein said compressor is at least partially 
powered by photovoltaic cells, wherein said photovoltaic cells are cooled by fluid 
within the fluid cycle. 

28. The thermodynamic cycle of any one of claims 25 to 27 further including a 
thermoelectric generator fed by fluid from different parts of the cycle having a 
temperature differential. 

29. The thermodynamic cycle of any one of claims 25 to 28 further including a 
throttling device upstream of said electric generator. 

30. The thermodynamic cycle of claim 26, wherein said compressor is at least partially 
powered by fuel cell and heat from said fuel cell is used to heat fluid in the fluid 
cycle. 

31 . The thermodynamic cycle of any one of claims 25 to 30 including a control 
system to control operation of said at least one nozzle between subsonic and sonic 
operation within the nozzle's exit. 

32. A method of generating electric potential including: 

- providing a rotor within a rotor chamber, the rotor rotatable about a central axis 
within said rotor chamber and including a plurality of blades located about its 
periphery, at least one aperture located centrally of said rotor and extending 
through said rotor generally along or parallel to said central axis and at least two 
drag surfaces between said at least one aperture and said blades, said drag 
surfaces located relative to each other to in use create a drag force on fluid, (as 
herein defined), flowing between them; 

- communicating a fluid at a first pressure onto said blades and direct the fluid 
between said drag surfaces so that the fluid spirals inwardly towards said at 
least one aperture; 

- receiving fluid at a second pressure lower than the first from said at least one 
aperture; and 

- converting kinetic energy embodied in rotation of said rotor to electric potential. 
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33. The method of claim 32, including communicating said fluid onto said blades 
through a nozzle, wherein the fluid through the nozzle's exit is travelling at the 
local sonic or hypersonic velocity. 

34. An electric generator including: 

- a rotor chamber; 

- a rotor rotatable about a central axis within said rotor chamber and including a 
plurality of blades located about its periphery and at least one aperture located 
centrally of said rotor and extending through said rotor generally along or parallel 
to said central axis; 

- at least one nozzle for communicating fluid from said fluid supply means at a 
first pressure onto said blades, the nozzle adapted to provide fluid from its exit 
at or above the local sonic velocity; 

- fluid receiving means operable at a second pressure lower than the first, the 
fluid receiving means adapted to receive fluid from said at least one aperture; 

- conversion means for converting kinetic energy embodied in rotation of said 
rotor to electric potential; 

wherein said rotor is adapted to in use receive fluid from said nozzle, thereby 
causing rotational force to be applied to the rotor about said central axis. 

35. The electric generator of claim 34, wherein the nozzle exit is located within 
approximately 0.5 mm from a leading edge of said blades. 

36. The electric generator of either claim 34 or claim 35, further including at least two 
drag surfaces between said at least one aperture and said blades, said drag 
surfaces located relative to each other to in use create a drag force on fluid (as 
herein defined), flowing between them. 

37. A thermoelectric generator including first fluid communication channel including a 
first substantially spherical enlargement and a second fluid communication channel 
including a second substantially spherical enlargement of larger diameter than the 
first, wherein said first and second substantially spherical enlargements are 
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substantially coaxial and wherein the generator includes thermocouple means 
provided about the periphery of the first spherical enlargement, which in use 
provides electric potential output when a temperature differential exists between 
fluid in said firs and second fluid communication channels. 

38. The thermoelectric generator of claim 37, wherein said thermocouple means is a 
plurality of silicon n-p and p-n junctions applied to the surface of the first spherical 
enlargement using thin film techniques. 

39. The thermodynamic cycle of claim 28, wherein the thermoelectric generator is a 
thermoelectric generator as claimed in claim 36 or claim 37. 

40. A turbine substantially as herein described with reference to Figures 5 to 7 or 
Figure 10. 

41 . An electric generator substantially as herein described with reference to Figures 2 
to 12. 

42. A thermodynamic cycle for producing electric potential substantially as herein 
described with reference to Figures 2 to 12. 

43. A turbine as claimed in any one of the claims 1 to 14 and adapted to be provided 
with said fluid by a fuel burning means. 

44. A turbine as claimed in claim 43 f wherein the fuel is gas or a fossil fuel and the 
fuel burning means is adapted to provide said fluid as a supersonic heated working 
fluid vapour. 
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